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PREFACE

The Engineering Design Handbook Series of the US Army Materiel
Command is a coordinated series of authoritative handbooks containing
basic information and fundamental data useful in the design and
development of Army materiel and systems so as to meet the tactical and the
technical needs of the Armed Forces.

This handbook, one of the Engineering Design Handbook Series, covers
the basic principles of operation of recoilless weapon systems, and provides
the fundamental design methods and procedures employed as a basis for
.future design and development of such systems. Technologies and the
asscciated supporting scientific disciplines that are unique in application to
reccilless weapon systems are presented in sufficient detail tc provide the
design engineer with the system development rationale together with specific
subsystern design methodologies. Included in the presentation are highlights
of -arly developments; system design and operation procedures; terminal,
exterior, and interior ballistics; recoil cancellation, system effectiveness, and
measurement techudques; basic design considerations; rifle and rifle
components; ammunition; mounts; and fire control. The extension and
adaptation of the basic technology to newer generation weapons—e.g., the
TOW System and DRAGON-are not covered.

This handbook was prepared by OEA, Inc., Des Plaines, Illinois—for the
Engineering Handbook Office, Research Triangle Institute, Research Triangle
Park, NC—under the general supervision of Mr. A. D. Kafadar; the principal
authois were Dr. Nuri Y. Olcer and Mr. Sam Levin. Technical coordination
was provided by an Ad Hoc Working Group—chaired by Mr. John J.
Donnelly, Frankford Arsenal-with representatives from the US Army
Tank-Automotive Command, Picatinny Arsenal, Rock Island Arsenal, and
Watervliet Arsenal.

The Engineering Design Handbooks fall into two basic categories—those
approved for release and sale, and those classified for security reasons. The
US Army Materiel Comimand policy i. to release these Engineering Design
Handbooks in accordance with current DOD Directive 7230.7, dated 18
September 1973. All unclassified Handbooks can be obtained from the
National Technical Information Service (NTIS). Procedures for acruiring
these Handbooks follow:

a. All Department of Army activities having need for the Handbooks
must submit their request on an official requisition form (DA Form 17,
dated Jan 70) directly to:

e, o) ¥adeprd ittt H, S S
[l ot - Bl L. MOy
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Commander

Letterkenny Army Depot
ATTN: AMXLE-ATD
Chambersburg, PA 17201

[
3
!

(Requests for classified documents must be submitted, with appropriate
“Need to Know” justification, to Letterkenny Army Depot.) DA activities
will not requisition Handbooks for further free distribution
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b. Al other requestors—DOD, Navy, Air Force, Marine Corps,
nonmilitary Government agencies, contractors, private industry, individuals,
universities, and others—must purchase these Handbooks from:

National Technical Information Service
Department of Commerce
Springfield, VA 22151

Classified documents may be released on a “Need to Xnow” basis verified by
an official Department of Army represeutative and processed from Defense
Documentation Center (DDC), ATTN: DDC-TSR, Cameron Station,
Alexandria, VA 22314,
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Comments and suggestions on this Handbook are welccme and should be
addressed to:

Coumander

US Army Materiel Development
and Readiness Command

ATTN: DRCRD-TT

Alexandria, VA 22333

3220 dalh ¢ K Bk

(DA Forms 2028, Recommended Changes to Publications, which are
available through normal publications supply channels, may be used for
comments/suggestions.)
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PART ONE

INTRODUCTION

CHAPTER 1

BACKGROUND INFORMATION

SECTION |

This handbook is an exposition of proven
methods and materials for the engineering
design of recoilless weapon systems. Its
purpose is to guide the engineer—the mature
practitioner as well as the novice—past known
pitfalls and more directly to his project goals.
By providing this comprehensive summary of
the available relevant technology and the
system engineering rationale, it is intended to
aid the technical manager, the project
engineer, and the component designer to
carry out his responsibilities with maximum
efficiency.

While the purpose of this handbook is to
give the engineer all the information he needs
to develop a complete system, greater stress is
laid on those principles and design features
unique to the recoilless weapon and ammuni-

SCOPE

tion, avoiding unnecessary repetition of
material available in other Engineering Design
Handbooks and common texts. For example,
information that is obviously common to
other weapon subsystems—such as warhead
design, fuze design, optical sight design, and
ballistic measurements—are covered here only
in a general way to enable the engineer to
comprehend the intei.clationships of the
various subsystems in the context of the
integrated whole. Refercnces are given for the
detailed treatments of these areas thut are
contained in the Engineering Design Hand-
book Series and other pertinent documents.
This allows for more detailed and exhaustive
coverage of those aspects that are peculiar to
recoilless systems without excessive bulkiness
of the text, It is intended in this way to
maximize the utility of the handbook.

:
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SECTION 1i

HISTORY

1-1 GENERAL

The purpose of this section on history is to
summarize the work tha! has been accom-
plished during recoilless weapon development.
This summary, while describing past aclieve-
ments, is intended to serve as a guide for
future work in this area. As a detai’ 2d history
would require several volumes, only the major
events in the program cutiined i1 Table 1-}
are highlighted herein. In order for the reader
to obtain a more detailed description of these
programs, Refs. 26 and 27 provide an index
of the published reconilless rifle information.

1-2 HISTORY TO END OF WORLD WAR ||

1-2.1 DEVELOPMENT PRIOR TO 1943

The idea of eliminating recoil from weapon
systems is not new. Leonardo da Vinci
(1452-1519), among the prodigious number
and variety of mechanical concepts and
artistic works he endowed to mankind, left a
sketch of a recoilless gun concept showing
two projectiles fired simultaneously in oppo-
site directions from a straight tube.

Work on the development of minimizing
recoil in guns has covered a little over one
hundred years, starting with the use of
pre-engraved, rotating bands as a means of
decreasing recoil being patented in 1857.
However, the modern history of recoilless
weapons does not begin until the beginning of
the twentieth century. In 1914, US Navy
Commander Cleland Davis developed the
concept of combining two guns back-to-back,
¢+~ firing the projectile forward and the other
firing a wad of grease and birdshot rearward
to yield net recoillessness. Cemmander Davis
obtained patents for this invention which he
reduced to practice and mounted experimen-
tally on an airplane (Ref. 1).

In 1921,

a British patent was issued to

Charles J. Cooke on a recoilless gun using the
vented propellant gas jet to balance the recoil.
However, the first recoilless guns developed
using this nozzle principle 1s accredited tc thie
Russians. A Russian weapon of 76.2 mm
caliber was first introduced in 1936 and used
in combat in 1941 against the Finns. Its
design and construction were based on the
genral principles of a patent issued in 1917,
to the Russian mathematician, Riabouchinsky
(Ref. 1).

The Germans developed a recoilless gun of
the two-projectile type in 1939 to equip
aircraft with large caliber (88 mm) armament
to attack surface targets. The recoil momen-
tum imparted by firing its 7-kg projectile was
balanced by accelerating the cartr.dee case (of
equal weight) in the opposite direction. It was
mounted under the aircraft fuselage intended
for dive attack against battleships and other
impertant and difficult surface targets (Ref.
1).

Another German recoilless weapon, this
one constructed with a nozzle to use the gas
jet balancing principle, was issued to its field
forces in the early 1940's for land combat. It
was the 7§ mm L.G. 40. Also, in the early
1940’s, the British actively were investigating
recoilless guns with Sir Dennis Burney making
significant contributions to the advancement
of the technology.

1-2.2 DEVELOPMENT OF 57 mm RIFLE,
M18

US Army interest was aroused by thke
knowledge of some of the foreign develop-
ment and was stimulated by the prospect of
equipping the infantry with a lightweight
cannon capable of defeating armor. In early
1943, the US Army Chief of Ordnance
instructed one of its research and develop-
ment elements, the Pitman-Dunn Laboratory
at Frankford Arsenal in Philadelphia, to

1-3
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explore the feasibility of *... applying the
recoilless principle to the development of a
man-portable, infantry-type weapon for de-
feat of armor”. A program was established on
recoilless rifles under the general coordination
of Colonel René R. Studler, Assistant Chief of
Ordnance for Small Arms Research and
Development, and his staff, especially Dr.
Lafayette Boyd Hedge. Execution and the
technical direction of the program was
assigned to Frankford Arsenal. By mid-year,
Dr. William J. Kroeger, a physicist employed
in that laboratory, had evolved mathematical
exptessions of the essential thermodynamic
relationships governing the ballistic operation
of reccilless guns. Concurrently, teaming up
with Mr. C. Walton Musser and a small group
of scientists and engineers, these principles
were reduced to practice in the form of an
experimental recoilless gun consisting of a
smooth-bore 2.75-in. caliber tube, a propel-
lant combustion chamber, and a breechblock
perforated with many small nozzles. This first
laboratory “test gun” was fired on 27 July
1943 (Ref. 2).

At a meeting held at the Office, Chief of
Ordnance, on 10 September 1943, it was
decided to center the first recoilless rifle
design about a caliber 57 mm shoulder-fired
rifle firing a 2.75-b pre-engraved projectile.
Test Gun No. 2 was designed, but even before
test data from Gun No. 2 were available, the
demand for a lightweight weapon prompted
the start of the final design of the 57 mm
weapon. By October 1943, a firm practical
design of the 57 mm Rifle, T15 (M18) was
achieved.

The T15 Rifle proceeded through d: velop-
ment test firings, beginning in October 1943
at Frankford Arsenal and ending with a final
demonstration before War and Navy Depart-
ment representatives on 26 September 1944
at Aberdeen Proving Ground. In early 1945,
limited production of the 57 mm rifle was
begun and in March 1945, a shipment of fifty
rifles was made for use in European Theater.
During April and May 1945, changes in
design, dictated by observation of weapons in
combat conditions, were initiated. The design

AMCP 708-238

of the weapon then was felt to be adequate
for scrvice use and at the request of the
Army Ground Forces, the 57 mm rifle was
standardized in June 1945 (Ref. 2). In less
than two years from the beginning of
development, the first standardized US
reccilless weapon system was issued to
combat troops. This was the Rifle, Recoilless,
57 mm, M18 shown in Fig. 1-1. in 1945,
General Somerve'l, Comr uading General of
the Army Service Forces, treporting to the
Congress on the deveicpment of new
weapons, stated: “Together with the V-T
fuze, the recoilless gun was the most startling
development of the War until the moment the
atomic bomb exploded” (Ref. 2).

The design goal of this system was one-man
portability and operability, with a second
man to resupply ammunition and load
subsequert rounds in a series. It was to be
fired from the shoulder standing or kueeling
and from the ground suppc ‘>d on a light
integral mount. Its role was to give the
infanty heavy weapons platoon organic fire
support capability, complementing the mortar
and machine gun with flat trajectory high
explosive firepower. The 57 mm M18 System,
weighing 44 1b, and designed to fire a 2.75-1b
projectile at 1200 fps, was used with striking
success in the European and Pacific Theaters

. in WWIL

The unique design features that con-
tributed principally to the successful culmina-
tion of this project in a practical field weapon
were:

1. Pre-engraved Rotating Band. This elimi-
nated the engraving loads on the rifling and
the induced stresses in the gun tube,
permitting a thin-walled, lightweight tube
structure. Also, it eliminated the engraving
force irreproducibility and the resulting
feedback effects into the interior ballistics
and recoil balance.

2. Perforated Cartridge Case. The cartridge
case was designed to perform the traditional
functions of containing the propellant,
projectile, and primer integrating the ammuni-

1-7
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Figure 1-1. Rifle, Recoilless, 57 mm, M18
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tion as a package, and interfacing mechanical-
ly with the gun structure. In. addition,
however, the cartridge cuse served as a cage,
supporting the propellant during ignition and
venting the recoil-balancing gases throu,gh ghe
case liner and then through the pcrtoratxons
in its sidewall, allowing the gases to strcam
rearward along the chamber and to exit
through the nozzles.

3. Nozzie Design. The nozzle was designed
with helical cant to balance projectile spin
torque reaction and with simple nozzle
“blocks” to enable field adjustment of the
effective flow characteristics to restore recoil
balance after erosion of the nozzle had
progressed to an unacceptable level of recoil
imbalance.

4. Pressure Joints. The threaded joint
connecting the chamber and tube was
designed so that internal pressure tended to
force the mating parts more tightly together
due to elastic deformation during the ballistic
cycle. This has become a basic design tenet in
recoilless weapon engineering as well as in
other pressure vessel design. It is more
important in the thin wall sections found in
recoilless systems than in conventional guns
which have much thicker sections.

1-2.3 DEVELOPMENT OF 756 mm RIFLE,
T21 (M20)

Following a demonstration of the Rifle, 57
mm, T15, to the US Army Infantry Board in
February 1944, it was recommended by
Headquarters, Army Ground Forces that
weapons of the 75 mm and 105 mm size be
developed in addition to the 57 mm recoilless
rifle. Design requirements called for a 75 mm
size rifle that fired a projectile weighing
approximately 5 1b with a muzzle velocity of
1000 fps. Chamber pressure was to be
approximately 4000 psi. The design of the 75
mm size rifle was performed at Frankford
Arsenal and was given the nomenclature
“Rifle, 75 mm, T16". The design of the Rifle,
75 mm, T16, was based on the principles
which contributed to the success of the initial

et = A i o Ll Mo~ et
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Rifle, 57 mm, T15. However, the design
gxgeeded the original Ordnance Office direc- ]
tives and it was recommended that the T16 d
gpsxgn project be cloped but that fur&her 1
ggx\nderatxon be given to a 75 mnP, size rifle

f. 3) .

A change in requirements to a 75 mm size
rifle firing a. qogvenuonal 75 mng
pro;eq.qu at ‘a_yelocity of 1500 fgﬁ
chamber pressure 2{5 000 psi prompted the
design of a dengnated as Mi’
Recoilless, 75 mm, Ti7. The gun” was
designed to be fired electrically and use a
nonperforated cartridge case. The case fitted
the contour of the chamber and had its own
venturi. “Consequently”, as stated in Ref. 3,
“there were no erosion problems such as
would have been encountered in a recoilless
rifle having the venturi 2s part of the breech
and firing at these pressures”. Changing
tactical requirements prompted the discon- 1
tinuance of work on the T17 Rifle in favor of !
a lightweight weapon that would fire a
standard HEAT projectiie at a muzzle velocity }
of 2150 fps and a chamber pressure of f
approximately 7000 psi (Rifle, Recoilless, 75
mm, T21).

et it okt . -t b cra S, SN i
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The final design configuration of the T?1
Rifle was designated as Rifle, 75 mm, T21E4. ]
The T21E4 Rifle fired a 75 mm HEAT
projectile with a muzzle velocity of 1000 fps
at a chamber pressure of 6500 psi. The
complete weight of the rifle was 110 1b with
design features basicaily similar to those of
the Rifle, 57 mm, M18. A notable difference
was the interrupted thread breechbiock,
annular nozzle, and tapered chamber of the f
T21E4 Rifle. With respect to the pre-engraved
rotating band, cartridge case with perforated
sidewall, helically canted nozzle, and self-seal-
ing joints, the T21E4 Rifle carried out the
basic design principles of the M18 incorporat-
ing refinements based on the additional
experience gained. The T21E4 Rifle was
furnished to troops in the European Theater
in March 1945. Approximately three months
later, the T21E4 Rifle was standardized along
with Rifle, 7 mm, M18 and designated as
Rifle, 75 mm, M20 as showr in Fig. i-2,

prrq vy <>
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1-2.4 DEVELOPMENT OF 105 mm RIFLE
TO END OF WORLD WAR I

As stated in par. 1-2.3, the desire to have a
lightweight rifle in the 105 nmem class also was
expressed after the successful demonstration
of the Rifle, 57 mm, TI15. The task of
designing this wespon was assigned to
Frankford Arsenal. Performance requirements
were scaled from the T15 Rifle and indicated
that a lightweight projectile weighing approxi-
mately 10 Ib could be fired at a muzzle
velocity of 1000 fps at a rated maximum
chamber pressure of approximately 8G00 psi.
Other requirements included the use of a
perforated cartridge case and the use of a
pre-engraved projectile in order to utilize best
the principles established during ballistic
experience with the T15 Rifle. Designated as
the T18 configuration, the initial 105 mm
rifle design was abandoned since it was felt
the time necessary to develop and manufac-
ture the lightweight projectile was excessive.
This design, therefore, was superseded by the
Rifle, 105 mm, T19, which fired a standard
projectile already being manufactured (Ref.
3).

The Rifle, 105 mm, T19 was designed to
fire a standard HEAT 105 mm projectile at a
velocity of 1250 fps at a chamber pressure of
8500 psi. The rifle weighed approximately
352 Ib and was comparable in performance to
the Howitzer, 105 mm, M2A1 with HEAT
Projectile, M67.

The designs of the firing and breech
mechanisms of the T18 and T19 Rifles are
similar to those of the Rifle. 75 mm, M20.
The only major difference is that the
interrupted thread lugs rctaining the breech-
block in place are integral with the chamber
in the Rifle T18; whereas, in the M20 Rifle
and TI9 Rifle, the lugs holding the
breechblock are contained in a bushing that is
in turn threaded into the chamber.

By April, 1944, just 6 months after
program inception, Frankford Arsenal had
completed the first of the T19 models. In
May 1944, this T19 rifle was demonstrated
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successfully before representatives from the
War Department General Siaff, Headquarters
Army Ground Forces, and Service Boards.
However, active development of the 105 mm
rifle was suspended by Ordnance Committee
action in June 1947,

1-3 HISTORY POST-WORLD WAR ii

1-3.1 DEVELOPMENT OF 1065 mm RIFLE,
T12 (M27)

{n February 1950, the 105 mm recoilless
rifle program was reactivated. Firing tests of
the T19 Rifle were continued and ied to the
standardization of the T19 Rifle. Designated
as the Rifle, 105 mm, M27 (Fig. 1-3), the T19
Rifle became the interim standard i05 mm
recoilless rifle. It was used extensively and
with great success in the Korean action. In
addition, a program was initiated for the
development of a 105 mm battalion antitank
(BAT) weapon that would meet ficld
requirements more completely.

During the BAT program, a fixed fin-sta-
bilized 105 mm HEAT round, capable of
defeating any known tank at a range of 1000
yd was being developed. Concurrently, it was
felt that a similar round should be developed
for the interim standard Rifle, 105 mm, M27.
The complete family of lightweight projectiles
for the M27 Rifle then would include the
fixed fin-stabilized 105 mm HEAT projectile
designatcd as the TI184 along with the
spinstabilized T268 HE (high explosive),
T269 WP (white phosphorus), and T139 HEP
(high explosive plastic) Projectiles.

With the development of a fixed fin-stabi-
lized round, it was necessary to counterbore
the M27 Rifle in order for it to accept the 2
in, longer cartridge case. In addition to this
modification of the existing M27 Rifle and
the standardization of the 105 mm, T!84
round, considerable work was performed in
trying to improve the loug range flight
characteristics of the spin-stabilized HE and
WP projectiles. This work mainly was
concerned with substituting different types of
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Figure 1-3. Rifle, Recoilless, 105 mm, M27; Jeep and Towed Mounts

boattail bases for the existing round base.

1-3.2 DEVELOPMENT OF 1068 mm BAT
WEAPON SYSTEM

1-3.2.1 Development at Frankford Arsenal

In April 1950, Frankford Arsenal was
assigned to supervise the initial development
studies of a2 105 mm battalion antitank (BAT)
weapon. By August 1950, Frankford Arsenal
was given the overall technical supervisory
role in the total BAT decvelopment project.
Besides this supervisory role, Frankfoid
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Arsenal was to develop a long chamber 105
mm recoilless weapon (and mount) using the
rear nozzle principle and a smooth bore tube
to launch a long boom, fixed-fin projectile.
The rifle was designated as the T136 (Ref. 2).

Design of the barrel and chamber of the
T136 Rifle was completed by October 1950,
The first prototype barrel was assembled with
a chamber made at Frankford Arsenal and a
modified novzle-breech assembly from a
Rifle, 105 mm, M27. The decision to use a
modified M27 breech was dictated largely by
the urgency of the development program.
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This first T136 Rifle was proof-fired satisfac-
torily in February 195 . The second and third
T136 Rifles were assembled during the spring
of 1951 and were equipped with mounts and
cal .50 spotting rifles. By compl:tion of
development test firings with the T136 Rifles,
the following chief features had *2en achieved
{Ref. 2):

I. At 195 Ib, the rifle weighed 135 Ib less
than the weight of the Rifle, 105 mm, M27.

2. The rifle had a smooth bore for use with
fin-stabilized projectiles.

3. The barrel incorporated the principle of
“strain compensation’, developed in connec-
tion with thz Rifle, 57 mm, T66. Calculations
showed, in the case of a thin-walled rifle, that
the increase i the bore during firing
combined with the barrel and projectile
tolerances and the projectile clearance might
easily account for the yawing and conscquent
observed inaccuracy. Performance was im-
provzd significantly by the use of oversize
projectiles which fix the barrel during rather
than before firing.

4. The breech opened from right to left to
permit e:sier loading when the loader stands
in his normal position on the right side of the
weapori. Moreover, the breech operating
handle could be placed either above or below
the chamber.

In Octcber, 1951, certain design changes
were made. The resulting TI36E1 Rifle
differed from the T136 model in the
following respects (Ref. 2):

1. Portions of the charaber and barrel were
increased in diameter in order to provide
clearance for cases fabricated from sheet.

2. The barrel was machined to accept the
plastic rotating band immediately ahead of
the oversized bourrelet of the 105 mm
T118E10 Projectile.
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3. The barrel was provided with shallow
groove rifling (0.006 in. deep) with 1 tum in
360 calibers.

4. Both spotting rifle brackets were im-
proved. The rear bracket was designed to
serve also as a mounting for the sights. (A
spotting rifle is a subcaliber weapon that fires
a projeciile whose trajectory matches the
major caliber projectile (see par. 1-3.2.5).)

Soon after the TI36El model was
designed, the need arose for more rapid firing,
up to 6 rounds per minute, which is about the
limit for manual operation. At this rate of
fire, the gun temperature soon rises tc a point
where there is significant degradation in the
yield strength of the steel. These considera-
tions led, in early 1952, to a 105 mm Rifle,
T136E2, which provided adequate strength
up to 600°F. The weight of this rifle was 214
Ib as compared with the 197 1b of the
T136E1l model.

Development of major caliber ammunition
at Frankford Arsenal centered chiefly around
the T118 and the T184 designs. The T118
round was intended to supply a fin-stabilized
projectile for use in the smooth bore T136
Rifle. It originally was scaled up from the 90
mm T108 round, which had a projectile with
a long boom and fixed-fins. The first design
had four fins that were shrouded, ie.,
enclosed to an open end cylinder. Since this
shrcud often was damaged during launching,
the design was changed to six longer and
unshrouded fins. This remained as the basic
design throughout the entire series of E
numbers, which differed chiefly in modifica-
tions of the case and the liner. The only other
char.ge in the projectile (T118E10) consisted
of increasing the bourrelct diameter from
4,133 to 4.145 in, This increase was made in
order to take advantage of the principle of
strain compensation. The bourrelet, whose
diameter was 0.011 in. more than that of the
static bore, fit the strained bore. This
improved the obturation (prevention of gas

1-13

L AL i il

i ACRT RO el e AT S il e _aii




AMCP 708-238

escape between bore and bourrelet) and
insured against excessive weapon wear and
erratic launching of the projectile from the
muzzle (Ref. 2).

The T184 round development was begun in
February 1951, and was intended to furnish
an improved HEAT round for interim use in
the M27 Rifle. It was fin-stabilized and
incorporated the latest fuze and shaped
charge design. It was almost identical with the
T118, but it did not have the oversize
bourrelet and it did have canted fins (4 deg)
in order to maintain a modest spin (approxi-
mately 10 rev per sec) that appeared adequate
during flight and did not degrade terminal
penetration significanily. This was considered
necessary to smooth out the cffects of small
aerodynamic asymmetries imparted by fric-
tion in traversing the launcher. This round
was fired satisfactorily for accuracy in the
summer of 1951 (Ref. 2).

1-3.2.2 Development at Firestone

In August 1950, the Firestone Tire and
Rubber Company was awarded a contract for
the design and development of a short
chamber, 105 mm tecoilless rifle (and
mount), This rifle was to have the rear nozzle
principie and be abie to use either a slow spin
projectile fired from a rifled tube or a fin- or
drag-stabilized projectile launched from a
smooth bore tube. This gun was designated as
the T137. Firestone was also requested to
investigate a slow-spin round, conceived at the
Ballistic Research Laboratories and designated
as the T138 round; a folding-fin type round
(similar to a 75 mm round developed by
Armour Reszarch Foundation) designated as
the T119; and a drag-stabilized or short-rixed
fin round, known as “Moby-Dick” and desig-
nated as the T171 (Ref. 2).

in a three year period, 1950-1953,
Firestone developed the “short chamber”
(500 in?® chamber volume) Recoilless Rifle
and Mount designated as the T137 and T152,
respectively. Beginning with interior ballistic
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calculations in September 1950, the first
prototype T137 Rifle was assembled and
proof tested by June 1951. The greatest
number of test firings were conducted with
the slow spin-stabilized T138 Projectile and
by the end of 1952, the round was developed
to the point of satisfactory accuracy at ranges
up to 1500 yd.

The folding-fin Projectile HEAT, T119 was
developed by mid-1953 (preferential treat-
ment was given to the T138 Projectile as
requested) to the point of satisfactory
accuracy at 1000 yd from a smooth bore
tube. When the requircmcnt from the ONTOS
(see par. 14.7) development specified a rifled
tube, Firestone altered the T119 Projectile
and secured a “better-than-required” accuracy
at ranges up to 2000 yd. In July 1953, the
TI119E11 Projectile was approved as the
standard ammunition for the BAT Rifle and
Ammunition System and was designated as
“Shell, HEAT, 106 mm, M344” (Ref. 2).

1-3.2.3 Development of 106 mm Rifle, M40

The 105 mm, T136 Ritle System was
developed to a high degree of compliance
with the military characteristics desired by
the Army Field Forces; prototypes of weapon
and ammunition successfully passing engineer-
ing tes.s at Aberdeen Proving Ground.
However, the ammunition design was based
on the concept of a family of homogeneous
fin-stabilized projectiles. During 1952, the
decision was made by the Ordnance Office to
include only one fin-stabilized projectile (the
HEAT) in the family; the balance being
spin-stabilized projectiles. In view of this
decision, the Arsenal project was re-oriented;
the development of the T136 system was
suspended and major attention concentrated
on the development of the T170 Rifle, which
had been initiated in the fall of 1951. It was
to have conventional deep rifling so th:t it
would be capable of firing spin- as well as
fin-stabilized projectiles. This rifle, whose
design was completed late in 1951, used
standard breech components of the M27
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SPOTTING:  M8C
MOUNT, RILE 106MM, M79 -

Figure 14. Rifle, Recoiliess, 106 mm, M40,
en the Ground Mount

Rifle, that were altered slightly to prevent
firing of similar but unsuitable ammunition. It
was similar in external appearance to the
T136 Rifle and incorporated the various
improvements that gradually had been added
to the design of the T136—such as high yield
strength material, strain compensation, spot-
ting rifle mounting brackets, firing mech-
anism, and breech opening mechanism.
Prototypes of the T170 barrel were made at
Frankford and Watervliet Arsenals. This riile
was later standardized as the Rifle, Recoilless,
106 mm, M40 shown in Fig. 14 and became
the major caliber weapon of the BAT System
(Ref. 2). The M40 Rifle actually has a bore
diameter of 105 mm, but is called 106 mm
for logistical reasons.

In July 1952, the Office, Chief of
Orzdnance decided that the Frankford Arsenal
T170 and Firestione T137 Systems would
remain as possible choices for the BAT Rifle
System. At this time, the following combina-
tions of packages of projectiles were sclected
for use in the BAT System:

1. T138E57 HEAT, T263 HE, T261 WP
fired from a tube with a twist of 1 turn in 200
calibers

2. T119 HEAT, M323 HE, M325 WP,
M326 (T139E36) HEP fired from a tube with
a rifling twist of 1 turn in 20 calibers
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3. T184 HEAT, M323 HE, M325 WP,
M326 (T139E36) HEP fired from a tube with
a rifling twist of 1 turn in 20 calibers.

Combined engineering and field service
tests were performed at the Aberdeen Proving
Ground during September and October, 1952,
to evaluate the rifles and ammunition still
under consideration for the BAT System. As a
result of these tests, the T138 slow-spin
projectile was eliminated from further con-
sideration because its performance at an
extended range of 2000 yd was inferior to
that of the finned HEAT rounds. As a result
of subsequent Service Board Tests at Fort
Benning, Georgia, and further comparison
tests at Aberdeen Proving Ground, the
Frankford Arsenal T170 Rifle and the
Firestone Tire and Rubber Company Car-
tridge TI19E11 were selected for the interim
BAT System. Upon standardization, the
HEAT folding-fin-stabilized cartridge was
designated as M344, and the TI170 Rifle
designated as the Rifle, 106 mm, M40.

1-3.2.4 Development at Frigidaire

The Frigidaire Division of the General
Motors Corporation was assigned the task of
developing a front-orifice type 105 mm
recoilless rifle for the battalion antitank
(BAT) Weapon System. This rifle was to be
capable of firing the projectiles developed
under the other BAT programs. Designated as
T135, the front-orifice rifle used a solid-wall
cartridge case instead of a perforated case.
The exit of the recoil neutralizing propellant
gases took place at the mouth of the cartridge
case, expanding radially into a small chamber
and then rearward through the nozzle.

Specifications called for the BAT Rifle to
fire a 17.5-1b projectile 1000 yd with a 0.25
mil accuracy. The maximum chamber pres-
sure was to be about 12,500 psi with a muzzle
velocity of 1750 fps. The desired weight of
the rifle was to be as near 200 Ib as possible.
Interior ballistics were performed by the
Armour Research ¥ -undation in order to
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establish the chamber, barrel length, and
nozzle characteristics of the first prototype
rifle. The design of the T13S Rifle evolved
through seven prototype and engineering
models with firing tests of the various models
performed at Fort Sheridan, Illinois, by
Armour Research Foundation. Although the
final models of the T135 weapon were found
to be mechanically and ballistically successful,
the lightest model weighed over 300 Ib. With
studies indicating that tlie minimum possible
weight for a front-orifice rifle would be
250-275 Ib, it was decided that the front-ori-
fice rifle was too heavy to be carried by hand.
As a result, the program was terminated with
the manufacture of the last engineering mod-
l. .

1-3.2.5 Spotting Rifle Developmoht

During the formulation of the BAT
program, the concept of the subcaliber
spotting rifle was introduced. The subcaliber
rifle is mounted on the major caliber rifle
with its bore approximately parallel to that of
the major caliber rifle in order for the
spotting projectile to match the trajectory of
the major caliber round. In May 1950,
Frankford Arsenal was advised by the Office,
Chief of Ordnance that it should initiate work
on the design of a cal .50 spotting buliet
having as high a ballistic coefficient as
possible. By July 1950, the development of a
cal .50 spotting rifle was begun at both
Springfield Armory and the Remington Afms
Company,

The development of the cal .50 spotting
rifle at Springfield Armory resulted ir. four
distinct rifle models. These four models were
designated as the T43, T46, T46El, and
T46E2. The first of these models, designated
as the T43, used the standard cal .50 machine
gun cartridge loaded with a reduced powder
charge. Weighing 661 grains, the projectile
attained a muzzle velocity of 1800 fps in a
36-in. length barrel. The T43 Rifle was
semiautomatic, gas-operated, and used a
conventional double column box mag,azine.

I-16

Due to the urgency of the spotting rifle
development, detailed component drawings of
the T43 mode! were prepared in haste, the
first component drawings being released for
fabrication just nine weeks after program
initiation. The first test T43 model was fired
at Springfield Armory 17 weeks after the
program start. Since the drawings were
hurriedly prepared, they did not guarantee
100 percent interchangeability of parts for
assembly and function, and because the
service life of the component parts left much
to be desired, oniy limited test firings were
conducted with the T43 Rifle (Ref. 4).

The second step in spotting rifle develop-
ment was undertaken to correct deficiencies
existing in the previ.us T43 model and to
accommodate a shortened cal .50 round. The
length of the round was reduced because of
the reduced powder charge required. The
major design change in the T46 Rifle was a
change in the slide and receiver design from a
rectangular to cylindrical construction while
retaining the rectangular bolt construction of
the T43 Rifle. While better than the T43
design, the T46 Rifle was plagued with the
following types of maifunctions: (1) operat-
ing power was marginal, (2) ammunition was
not properly fed, (3) spent cartridge cases
were not always ejected, and (4) firing
mechanism failed to remain in the cocked or
ready-to-fire position.

In order to eliminate these maifunctions
and reduce the firing error of the T46 model,
a second redesign of thc cal .50 spotting rifle
was made. Designated as the T46E1, the new
model had a reduced barrel length, from 36 to
32 in., in order to reduce the projectile travel
from gas port to muzzle exit. This change
causes an earlier venting of the bore gas
pressure, resulting in a lower chamber
pressure at the instant of breech unlock. An
increase in the initial volume of the gas
system retarded the early acceleration of the
piston and, because of the resulting longer gas
system time, the maximum piston velocity is
reduced.
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While these design changes led to improve-
ments in the weapon accuracy and a
reduction in the number of malfunctions, it
was felt that a better design was still in order.
In the next redesign of the spotting rifle,
designated as the T46E2, three major
improvements were made:

1. The cable pull load required to fire the
rifle was reduced.

2. The rebound of the operating slide from
battery was reduced.

3. The operating power in the rifle was
controlled by incorporation of a needle-valve
type gas-regulator.. The improvement of the
spring forces acting on the firing cable was a
matter of refinement and adjustment of the
existing design with the reduction of the slide
rebound, malfunctions caused by the hammer
impacting the firing pin when it is in the
locked, out-of-battery position were pre-
vented. Differences in the effective rigidity of
the rifle mounts in addition to variation in the
magnitude and operating power given by
different lots of spotting rifle ammunition
made the incorporation of a power regulating
device imperative.

As a result of these design changes and
numerous refinements throughout the spot-
ting rifle design, function was improved to a
substantially satisfactory status. The firing
error of the T46E2 was almost one-half the
error obtained with the T46 design; at a range
of 100 yd the mean target radius was 1.50 in.
for the T46E2 Rifle as compared to 2.82 in.
for the T46 model.

14 OTHER RECOILLESS WEAPONS OF
CALIBER 106 mm OR SMALLER

14.1 37 mm RIFLE, T62

In July, 1945, the Office, Chief of
Ordnance requested Frankford Arsenal Ord-
nance Laboratory to design and develop a 37
mm single shot recoilless rifle. Designated as
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the Rifle, 37 mm. T62, this rifle was to fire
Projectiles M54 and M63 at velocities of 1250
and 1200 fps, respectively. This 37 mm
recoilless rifle was to be shoulder-fired for use
as an antipersonnei type weapon. The first
design of the T62 Rifle was proof-fired in
May 1946. Aftér firing of the tenth round,
the lugs that locked the breech into the
chamber showed evidence of failure by
bending and firing was discontinued. In
addition to the breech design failure, the first
eight rounds fired resulted in ignition failures
(Ref. 3).

The breech locking mechanism and the
firing mechanism were redesigned and the
new rifle model designated as T62E1. This
rifle functioned satisfactorily in subsequent
proof-firings. However, the chorge develop-
ment to give the required bafisddt “perfor-
mance was never completed since- the project
was shelved.

1-4.2 57 mm RIFLE, T66

In 1951, a replacement of the original 57
mm recoilless rifle (the M18) was proposed.
Technological advances from those crude
models of relatively early days offered
improvements in practically all areas: interior
ballistics, flight dynamics, HEAT penetration
performance, and structural and mechanical
design of the rifle. The new rifle, designated
as the T66, was to match the performance of
the M18 Rifle (1200 fps) at a considerably
lower maximum chamber pressure. One of the
first considerstions in the T66 barrel design
was the use of steel with a higher yield
strength. As such, the barrel walls could be of
relatively thin cross section as compared to
that of the MI18 Rifle. By use of better
propellants, the first T66 Rifle design was 14
in. shorter than the M18 Rifle and weighed 28
Ib including all accessories, as compared to a
weight of 44 Ib for the M18.

All development activity proceeded
smoothly until firing tests were performed on
the initial T66 designs. Considerable in-
accuracy was encountered and the basic cause
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was not known. After considerable investiga-
tion into such possible causative areas as the
method of mounting and nozzle symmetry, it
was found that the projectiles were yawing
excessively, Upon further studies, it was
hypothesized that the yaw in exterior flight
was related to the yaw and balloting of the
projectile during bore travel. Further calcula-
tions showed that the expansion of the highly
stressed barrel during firing could be great
enough so that if the projectile was crowded
to one side of the bore, it could become
disengaged completely from the rifling on the
other side. Tlie use of high-speed X-ray
equipment verified this hypothesis by indicat-
ing that significant yaw did occur within the
barrel (Ref. 6).

As a result of these studies, it was found
that for any weapon which uses a barrel that
is strained highly by firing, the projectile
should be designed to fit the Larrel during the
firing rather than prior to firing. The use of
this strain compensation principle was first
made in the T66 Rifle and has been used on
many of the subsequent recoilless rifle
programs.

In jate 1954, a requirement that the T66
Rifle be capable of firing the same mixed
family of fin- and spin-stabilized projectiles as
used in the MI18 Rifle was added. The
projectiles developed during the T66 program
were the spin-stabilized HE, T115 and the
fixed fin-stabilized HEAT, T188. Complete
prototype systems were designed, built, and
successfully demonstrated. However, the
project was terminated due to lack of
sufficient user interest in 1958, after comple-
tion of User Tests by the US Army Infantry
Board. More information on the T66
developmeni program is found in Refs. 6, 7,
8,and 9.

14.3 2.75-in. RIFLE, T190

Among the programs conducted at the
Armour Research Foundation was the devel-
opment of a single shot and repeating
recoilless rifle to fire the 2.75 in. boosted
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rocket used in the T12( ammunition. These
weapons were intended for air-to-air use and,
accordingly, carried restrictions of light-
weight, simplicity, and ease of loading.
Requirements for the single shot 2.75-in.
recoilless rifle, designated as the T190, were
(Ref. 4):

I. Fre a 2.75-in. spin-stabilized boosted
rocket with a nominal weight of 5.5 Ib

2. A muzzle velocity of 1200 fps

3. Peak chamber pressure under 6000 psi if
possible

4. Recoil balance such that the transmitted
force to airframe is less than 1000 1b

5. Rifle front profile as small as possible
for purpose of parallel stacking of rifle

6. Use of muzzle and nozzle blast tubes to
shield adjacent portions of assembly and
aircraft

7. Weight of loaded cluster to be 300 Ib
maximum.

The repeating version, designated as the T191,
has ecsentially the same requirements except
that the boosted rocket was to be fired in
automatic operation at a minimum rate of fire
of 600 rounds per minute.

The principal technical problems of interest
concerned design for minimum system
weight, interior ballistic uniformity at the low
operating pressure of 6000 psi and over the
extreme ambient temperature range foi
aircraft, automatic feed mechanism design,
effects of nozzle erosion, gun heating, and
blast effects on the aircraft structure.
Compromise solutions to the trunnion reac-
tion problem were examined, considering
partial recoillessness coupled with soft mount-
ing. Pre-engraved vs self-engraving rotating
bands in the uniform twist and increasing
twist were investigated with respect to
ballistic reproducibility. The pre-engraved
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band with uniform twist solution was found
to be superior. Perhaps the most striking
event in the program, from a technical history
standpoint, was the construction and testing
of a glass fiber reinforced plastic gun. In
collaboration with the US Naval Ordnance
Laboratory at White QOak, Maryland, a test
gun was designed, built, and fired (1956). The
tube survived several shots at full pressure and
velocity, and showed acceptabie ballistic
uniformity and projectile accuracy. This was
an early indication (perhaps the first) of the
potential for this material for construction of
guns. The project was terminated in 1957
with the suspension of the user requirement.
For more information regarding the 2.75-in.
recoiiless rifle, the reader is directed to the
material found in Refs. 4 and §.

1-4.4 90 mm RIFLE AND AMMUNITION

Various evaluation studies of multipurpose
shoulder weapons conducted in the late
1940’s indicated the need for a 90 mm
recoilless rifle. As a result of these studies,
Arthur D. Little, Inc. and Midwest Research
Institute (MRI) were given Ordnance Con-
tracts to develop 90 mm platoon antitank
(PAT) recoilless rifles. The objectives of these
programs were to develop a rifle weighing less
than 30 lb, capable of being either shoulder-
or ground-fired. The rifle was to have very
good accuracy at 500 yd and capable of
defeating tank armor up to 6 in. thick at a
maximum obliquity of 60 deg (Ref. 4).

The Arthur D. Little rifle, designated as the
T149, differed from the more conventional
rifles developed before 1951, being very light
for its caliber and using a novel breech
mechanism. The annular two-lobe nozzle
breech is basically a rotating cam ring which
locks the round in place, cocks the firing
mechanism, and actuates the extractor. Recoil
compensation is provided as the discharging
propellant gases pass through the annular
nozzle. The nozzle contours are formed by
the inner surfaces of the chamber and cam
ring, and by the outer surface of the cartridge
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case base. Another unique feature of the
T149 Rifle was a firing mechanism in the
lower rear of the chamber which caused a
firing pin to be driven radially into a side-fire
percussion cap in the cartridge case base (Ref.
10).

The PAT program at Arthur D. Little also
included the development of fin-stabilized
HEAT, HE, and WP projectiles for use with
the T149 Rifle. Weighing 9 1b, the Projectile,
HEAT, T249 was the only projectile carried
through complete development. The design of
the HEAT projectile was based largely on the
configuration of the 105 mm, TI18 con-
figuration. One of the interesting and unique
design aspects of the T249 Projectile con-
cerned the application of the rotating bands
to the projectile. Prior to PAT development,
rotating bands, whether plastic or metal, were
fabricated from sheet stock and then
cemented or brazed to the projectile, or
machined integrally from the projectile. In
the Projectile, HEAT, T249, a plastic rotating
band is injection-molded directly to the
projectile.

In February, 1952, the Office, Chief of
Ordnance, set priorities on the development
of a suitable PAT rifle-ammunition system.
Since the T149 Rifle was given last priority,
the T149 Rifle and ammunition were never
presented for user tests (Ref. 11).

Midwest Research Institute received its
PAT weapon contract in December 1951. The
objectives of the PAT program were very
similar to thosc given to Arthur D. Little. The
MRI 90 mm recoilless rifle design was
designated as the T184. The T184 Rifle
design also achieved a very low weight due to
the employment of two unconventional
features not previously used in recoilless rifle
design. The first unique aspect was the use of
a reverse tapered cartridge case (smaller in
diameter at the base than at the mouth). The
cartridge case has a 57 mm base which
permits the use of a reduced diameter and
thus lighter breechblock. Secondly, the
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breechblock was a two part assembly
composed of a steel breechblock and an
aluminum venturi expansion cone which
further contributed to weight reduction (Ref.
4).

Initial analytical studies in the PAT
program indicated that a conventional 61b
projectile and a recoilless rifle having a bare
weight of 25 1b could not meet the required
first round hit probability at the specified
range and muzzle veiocity. Further studies
indicated the need for using rocket-assisted
(RA) projectiles. Two RA projectiles were
designed for use in the T184 Rifle. The first
projectile, designated as the T273 HEP RA,
was designed on the basis of a scaleup of the
2.75-in. T131 Rocket, and contained a solid
cast grain rocket motor and an HEP warhead.
The second projectile, designated as the T274
HEAT RA, employed the same rocket motor
ag the T273 round but contained a shaped
charge warhead. The warhead was separated
from the rocket motor by a bearing section
that permitted the rocket motor to rotate at
the high speed required for round stability
while the warhead was maintained at the low
spin rate necessary for maximum terminal
effectiveness (Ref. 4).

As a result of the HEP round not being able
to meet the armor defeating requirements and
because of the wide dispersions encountered
during range firings, the T184 program was
terminated in 1955 in savor of the T219
program which was to be conducted at
Midwest Research Institute. The T219 PAT
Rifle requirements permitted an increase in
rifle weight to 30 ib so that the peak chamber
pressure could be increased in order to
eliminate the need for a rocket-assisted
projectile,

The 90 mm T219E4 model, as shown in
Fig. 1-5, is a 354b boresized, shoulder-fired,
recoilless rifle. The T219E4 PAT Rifle
incorporates a central-orifice, bar breech, and
may be loaded and fired by one man,
although it was designed for a two-man team.
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Firing the Cartridge, 90 mm, HEAT, T249Eé6
at a muzzle velocity of 700 fps, the T21954
Rifle attained a first round hit probability of
50 percent at 500 yd (unaided visual ranging)
and was capable of defeating any armor likely
to be encountered in the battle area, Primarily
designed as an antitank weapon, it was also
highly effective against emplacements and
grouped personnel,

By August 1959, the T219E4 Rifle,
T249E6 Cartridge, and auxiliary items were
standardized and designated as Rifle MAW
(medium antitank weapon), 90 mm, M67;
Cartridge, 90 mm, HEAT, M371; Telescope,
M103; and Telescope Mount, M110. This
standardization was given conditionally on
the basis that certain design corrections would
be made. The deficiency to be corrected was
the low temperature firing performance.
During arctic firing tests, the CARDE (see
par. 1-6.10) T31 sheet Propellant used in the
T249 Cartridge revealed an apparent tendency
toward high velocity levels and dispersions,
accompanied by potentially unsafe high
pressures. As a result, emphasis was placed in
establishing the suitability of a granular
propellant. On the basis of the best uniform
performance, M5 Propellant was selected for
use in the M371 Cartridge. Other improve-
ments made in the 20 mm MAW Weapen
System were the simplification of the breech
design, by reducing the number of compo-
nents from 28 to 14 parts, and the
strengthening of the projectile spike-to-body
assembly in order to prevent separation of the
spike from the body.

During studies of the various designs for
the ultimate battzlion antitank (U-BAT)
weapon, it became evident that one of the
designs offered greater promise in obtaining a
very lightweight rifle, and that a rifle of this
nature would find tremendous application in
the 90 mm PAT Rifle program. Designated a:
the T234, this rifle design had several unique
features. One feature was the absence of a
breech that must be opened and closed by the
operator. As described in Ref. 12, the nozzile

IR e n REA . Y

P

i v i 27l

e

i st B

X




AMCYF 708-238

(PaU01323S) LLEW “LVIH “9BPIIIED PIM “LIW ‘Wl 06 “SSO)[1009Y “B41Y 'G-§ 34nbif

1-21



AMCP 708-233

15 of central-orifice design, but divided into
eight segments. The segments are spring-
loaded to the closed position so that as the
round is inserted, the nozzle moves forward
and coxpands radially outward to permit
chambering of a round with a larger diameter
than the nozzle throat.

Ammunition for the T234 Rifle was also
unique in that a metal cartridge case was not
used. Instead, a thin, plastic powder envelope,
which is consumed during firing, was used and
the need for expended case extraction
eliminated. Firing of the chambered round
was accomplished by attaching an ignition
transmission line (pigtail) to the projectile
boom. After chambering of the round, the
end of the pigtail is inserted into the firing
mechanism contained in the rear part of the
rifle mount. Shown in Fig. 16, the T234
Rifle weighs 34.5 1b with the round weighing
8.51b.

In early 197 ., several original requirements
were changed under the heading of the
Super-PAT program. The 90 mm Super-PAT
Rifle was to be essentially the same design as
the Jast configuration of the T234 Rifle.
However, it was to employ a high strength
steel barrel-chamber (200k to 205k psi yield
strength as compared to normal yield
strenghs of 160k to 175k psi). Internal,
external, and terminal ballistic conditions
were to remain the same, although with the
addition of cal .405 spotting pistol, the
weadpon system was to be capable of a 90
percent first round hit probability at 500 yd.
In June 1958, the Super-PAT program was
terminated before completion of the develop-
ment program as the major emphasis was
shifted to the T219 PAT program.

14.5 DEVELOPMENT OF REPEATING
RIFLES 105 mm, T189 AND T237

Beginning with German efforts during
World War II, there was a recurrent interest in
recoilless weapons capable of automatic or
semiautomatic fire, For combat vehicles (air,
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ground, or water), the advantages of increased
rate of fire and in crew protection are quite
obvious. Some of the technicai problems, too,
are quite obvious, including space limitation
at breech location, generally heavier ammuni-
tion with a longer envelope, and the greater
penalty of mechanism weight in 3 weapon
system whose great attraction is light weight.

US efforts in repeating recoilless rifle
design were aimed principally toward applica-
tions for land combat vehicles. Design of a
repeating 105 mm recoilless rifle began at the
United Shoe Machinery Corporation in 1953,
Designated as the T189 and shown in Fig. 1-7,
this repeating 105 mm recoilless rifle was
designed in both electrically and gas-operated
versions. As shown in Fig. 1-7, the electrically
operated T189 Rifle uses small electric gear
motors to rotate a five-round reel between the
barrel and breechblock. At each position of
the reel assembly, the barrel and breechblock
are coupled with a chamber containing one
round. The electrical drive system extends or
retracts and rotates the breechblock to open
or close and lock the round in place.

One of the designs for the gas-operated
T189 Rifle is shown schematically in Fig, [-8
and operated in the following manner as
described in Ref. 13:

1. Energy obtained by bleeding propellant
gas from the barrel during the blow-down
period (i.e., the pericd after projectile exit
durinig which the internal pressure decays 3o
atmospheric) is used to compress a pair of
nested driving springs whichk then provide the
energy necessary to dsive the indexing
mechanism through one cycle.

2. Gas is bled from a barrel port (shown in
Fig. 1-8) close to the muzzle, which does not
become operative until the projectile has
passed. Upon projectile exit, the gas turning
into the port expands and is conveyed to the
cylinder through a telescoping length of
tubing. The gas flow into the cylinder lasts for
about 0.012 sec of the biow-down period. At
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Figure 1-6. Sketch of T189 Rifie Modified for Gas Operation
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the end of this time, the blow-down pressure
and the pressure in the cylinder will reach
equilibrium. The quick acting check vaive
then closes and retains the cylinder charge.

3. During the cylinder charging stroke, the
drive springs are compressed. The gear
segment, connected to the piston by means of
an operating link, i3 rotated and, in tum,
causes rotation of a pinion gzar. The
movement of the gear segment is enough to
rotate the pinion gear backward just one turn.
The gun indexing cycle occurs on the return
stroke of the piston. The gas charge then is
ailowed to escape through an exhaust valve
that is separate from the gas feed duct. When
the back pressure (acting on the piston) falls
below the driving spring pressure, the return
stroke begins. On the return stroke, the
pinion gear, now engaged to the gun camshaft
by the pawl, is rotated one turn forward,
indexing the gun through its cycle.

During efforts to simplify the operation
and design of the T189 Rifle, an eatirely new
design was accomplished. It was decided that
the new design should replace the T189
design and was given the T237 designation.

The repeating T237 Rifle design incor-
porated several design features. As shown in
Fig. 1-9, a drive motor was geared down to a
“lead screw” type drive shaft. Partial rotation
of this screw unlocked both the breechblock
and the barrel, and proceeded to translate the
breechblock axially a predetermined distance.
During breechblock travel, the reel containing
the five chambers also was moved rearward at
a slower rate so as to clear the end of the
barrel. A drum then revolves the reel into the
next position. When the electric motor is
reversed, the breechblock and reel aic
returned to the closed position and rotational-
ly locked. The T237 repeating recoilless rifle
program proceeded through the manufacture
of one test rifle. However, the program
terminated in mid-1956 by the Office, Chief
of Ordnance before any extensive testing of
the system was performed.
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14.6 DEVELOPMENT OF 105 mm RIFLE,
T136

The 105 mm Recoilless Rifle, T136 was
one of the three original weapon concepts
selected for development and evaluation
under Ordnance Pioject TS44024. Fig. 1-10
shows this weapon with T149 Mount and
with the cal .50 Rifle, T43 installed. In
October 1951, changes were incorporated
altering the configuration to the T136El. In
November 1951, the design again was changed
where provision was included for the
expected 21 percent degradation in yield
strength of the gun steel when heated to
600°F. T136E2 was the designation assigned
to this temperature compensated recoilless
rifle,

Portions of this T13€ system ultimately
were incorporated in the standardized BAT
Weapon, M40. The chamber design of the
T136 was united with the barrel of the M27
to form the TI170 configuration, which
ultimatety became the standardized M40.

1-4.7 DEVELOPMENT OF WEAPCN SYS-
TEM T165 AND 7168, SELF-PRO-
PELLED (ONTOQS) USING 106 mm,
T170 RECOILLESS RIFLE

The initial long range military characteris-
tics of the BAT weapon system called for a
fully man-portable weapon weighing in the
neighborhood of 200 Ib. The weapon that was
¢ventually standardized for the BAT program
was the Rifle, 106 mm, T170 (M40).
Weighing a total of 485 b, the weapon could
be moved into position by a crew of two men
cr could be broken down for hand carry by a
Iarger group. This was still a long way from
meeting the fully man-portable requirements.

As the best interim carrier, the Jeep
Carrier, M38A provided:

1. A low silhouette

2. Good road and cross speed
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Figure 1-10. 105 mm Rifle, T136; 105 mm Mount, T149, Cal .80 Rifle,
T43 and the interim Sight

3. Ruggedness and reliabiiity

4, Standardized simple operation and
maintenance

5. Good cruising ranges

6. Relatively low cost and ease of produc-
tion.

However, it lacked:
1. Armor protection
2. Adequate load capacity

3. Cross-country mobility of a tracked
vehicle.

As a result, studies and searches were made
into the development of a lightweight
fully-tracked system that would be sufficient-
ly durable and easily maintained for use in the
infantry regiment. Two systems were devel-
oped around the (ONTOS) vehicle. A six-rifle,
ONTOS vehicle designated as the T166 shown
in Fig. 1-11 and a one-rifle ONTOS vehicle
designated as the T165 were developed using
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Rifles, 106 mm, TI170 similar to the
standardized M40 Rifle. This T165 system
was designed to go into combat with the six
BAT systems loaded and operable by the crew
within the protected compartment. It could
be fired in salvo, ripple, or single shot. After
firing, the breeches could be opened mechan-
ically from within the vehicle, but subsequent
rounds were chambered by the crew reaching
out through the open doors. Two of the six
tifles were designed to be dismounted quickly
from the vehicle and operated from a
compact folding ground tripod when the
tactical situation required it. In service tests
of these weapon systems in late 1952, the
vehicles were found to be unsuitable for use
as BAT weapons carriers within an infantry
battalion. While the ONTOS vehicle provided
the necessary armor protection and fully-
tracked cross-country mobility, it had the
disadvantages of mechanical unreliability,
reduced accuracy, increased weight, inade-
quate space for crew and ammunition, and
limited protection afforded by armor when
recoilless rifles were reloaded from outside
the vehicle (Ref. 4). As such, the M38A1 Jeep
Carrier was maintained as the interim carrier
for the Rifle, 106 mm, M40,
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156 OTHER LARGE CALIBER WEAPONS
(LARGER THAN 105 mm)

1-6.1 DEVELOPMENT OF 120 mm HAW

Standardization of the 106 mm, M40 BAT
System in 1954, satisfied the “interim”
requirements for an infantry heavy antitank
weapon (HAW) system. At this time,
Frankford Arsenal was authorized to initiate
R&D studies leading to the development of a
system to satisfy the following principal
“ultimate” military characteristics:

1. Destructive Capacity. Defeat 6 in. of
heavy armor at 64-deg obliquity, 90 percent
of the time.

2. Range and Accuracy. First round hit
probability of 0.75 at 2000 yd and 0.90 at
1000 yd.

3. System Weight. 200 Ib desired.

4, Rate of Fire. 10 aimed rounds per
minute (not sustained). Go into action in 30
sec.

The fivst work specific to the ultimate
battalion antitank (U-BAT) requirements was
initiated in 1955 with caliber and lethability
studies. These activities were the basis for the
selection of a 120 mm caliber rifle for the
U-BAT weapon. The resulting design for the
120 mm rifle was patterned after the design
of the Rifle, 90 mm, T234 which was, in its
original conception, a design study for the
U-BAT application. Designated as the T246,
the 120 mm Rifle incorporated the segmented
nozzle and central orifice type breech design
used in the T234 Rifle. Development of the
T246 Rifle was suspended in December 1957,

In early 1959, the work begun under the
U-BAT program was reactivated under the
heavy antitank weapon (HAW) program. The
HAW program, however, was committed to
the development of a 2000-yd system which
would provide greater lethality, improved
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range and accuracy, reduced system weight,
and improved simplicity and accuracy. The
first HAW design was designated as the XM89
and incorporated several features in its decign.
The barrel of the XM89 Rifle incorporated
the strain compensation principle using steel
with a 160,000-psi yield strength. It was
expected that the entire HAW weapon would

- use steel with a 200,000 psi yield strength,
but because of its limited availability at the

time, high cost and limited machinability, no
complete HAW rifle ever was made with this
material.

A second feature of the XM89 was the
incorporation of a variable control mount. By
use of a down range pointing joystick control,
the rifle could be moved in free traverse and
elevation for use against close and moving
target with a direct control ratio of 1:1. The
joystick control also provided variable control
ranging between a ratio of 9:1 and 36:1 for
laying the rifle on distant fixed targets. Other
unique features of the 120 mm, XM89 were
the use of a 15 mm spotting rifle and a trigger
firing mechanism from which both major and
spotting rifles could be fired with the same
trigger (Ref. 14).

During the second quarter of calendar year
1961, the development of the XM89 system
was divided into two directions. The first
direction being development with a frangible
cartridge case and the second, development
with a steel cartridge case. Development of
the frangible cartridge case system, designated
as the XM89EI, proceeded through initial
firing tests in a satisfactory manner. At that
point, the XM89EI system was removed from
the development program. Development of
the perforated steel cartridge case system,
designated as the XM89E2 and later to be
known as the XM105 (shown in Fig. 1-12),
was slowed by minor strength problems and
mechanical difficuities, but finished with an
accelerated testing program in mid-1972.
While it was felt that, with small improve-
ments, the XM10S5 system could be standard-
ized, its excessive system weight (398 Ib
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instead of the desired 200 1b) and the
selection of the TOW missile to satisfy the
HAW requirements resulted in the termina-
tion of the 120 mm HAW, XM105 program.

1-62 DAVY CROCKETT 120 mm, XMé3
(XM28) AND 156 mm, XM64 (XM29)

An impending break-through in the design
of nuclear devices in the mid-1950's led to the
idea of a tactical nuclear weapon sy stem—per-
haps capable of man-portability over limited
distances in difficult terrain. There was
growing confidence in the feasibility of
developing subkiloton devices lighter in
weight, structurally more resistant to accelera-
tion stresses, and more efficient in the use of
critical nuclear materials than had been
available previously. Based on the estimates
available, a lightweight recoilless weapon
system concept was synthesized. It was
envisioned that such a system capability could
have important effects on the structure and
deployment of ground forces. The availability
of such huge elements of firepower in the
hands of foot troops capable of immediate
reaction to rich targets of opportunity could
provide an advantage of significant propor-
tions.

The principal problems facing the designer
were as follows:

1. Design a breakdown system in which
each module can be carried over limited
distances by an individual soldier.

2. Accommodate the roughly 12-in. diam-
eter warhead.

3. Limit maximum acceleration.

4. Insure high reliability and precision of
delivery. The problems that were encountered
resulted from the long range (4000 m for the
XM29 system) over which the spotting system
was to match the major caliber system.

5. Minimize system action time (i.e., the
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time required to set up the weapon and
mount, insert the cartridge and projectile).

To meet the system module weight
limitation, high-strength structural materials
such as titanium alloys, glass fiber reinforced
plastic, and ultra-high strength steel were
considered despite their high costs. The
warhead size and acceleration problems were
accommodated by adopting the so-called
“spigot” configuration (Fig. 1-13). In this
scheme, the propuision gases act upon a
“pusher” tube (spigot) throughout the ballis-
tic stroke and the oversize warhead is
accelerated via this tube from a starting
position in front of the gun muzzle. This
avoids the siructural problems of a large iow
pressure gun tube and the interior ballistic
reproducibility problems associated with very
low operating pressures. High precision of
delivery was demanded by the need to insure
against injury to friendly troops as well as the
requirement to employ the extremely high
cost warhead effectively.

The projectile weight, size, velocity, and
acceleration limits along with the use of the
spigot configuration, allow the use of a
smooth bore barrel. Also, since the DAVY
CROCKETT systems are very low rate of fire
weapons, there is no need for any type of
breech mechanism. This leads to the muzzle
loading and simple nozzle end configurations
of the DAVY CROCKETT weapons. Another
unique feature of the DAVY CROCKETT
were the lightweight mounts. Weighing less
than 20 ib, the mounts had adjustable rear
lugs, fine and coarse elevation, and quick
collapse for stowage.

The operational requirements for a man-
portable system were met with two weapon
systems. The 120 mm, XM28 System as
shown in Fig. 1-14, was designed for a
maximum range of 2000 m. A second system,
155 mm, XM29, as shown in Fig. 1-15, was
developed concurrently to provide a 4000-m
system capable of field maneuver on a jeep or
other light vehicle. The XM?29 System is
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Figure 1-13. Rscoilless Weapons—Conventional and Spigot Type

capable of firing from a jeep carrier or it can
be displaced by troops and fired from a
ground nount.

In the official press release of the DAVY
CROCKETT systems by the Army on 4 May
1960, the Secretarv of the Army described
these systems as a development which
“,..dwarfs in firepower anything we have
ever kinown in the immediate arca of the
battle line”. He stated that “DAVY CROC-
KETT will significantly enhance the military
posture of the U.S. ground forces. With this

weapon, small combat units will have organic
atomic power that they will be akle to take
with them to any trouble spot in the world in
a matter of hours. On the battlefield, the
small unit will have within its own ranks,
firepower that formerly could be obtained
only from heavy artillery”. Among the
engineering advances achieved were:

1. First titanium gun in US Army
2. Hi-Low  spotter cartridge—unprece-

dented velocity uniformity
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Figure 1-14. DAVY CROCKETT System, XM28, Man-portable, 2000-m Infantry :
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Figure 1-15. DAVY CROCKET XM29 Weapon System, 4000-m Range

3. PYROCORE primer—improved velocity
uniformity

4. Unique spigot delivery—minimum sys-
tem weight and size

5. First use of D38 (reactor byproduct) in
spotter projectile

6. First multizone recoilless system.

The reason which made many of these
advances possible was that cost was not as
critical a factor, comparatively speaking, as it
was in most other recoilless rifle programs.
This was true because of the need for the
accurate delivery of the rather expensive
warhead. As such, the use of high cost
materials such as titanium was warranted in
the DAVY CROCKETT system and not in
others, even though experimental work on
titanium, Fiberglas, Fiberglas wound, and
glass-metal stiuctures had given good results
in PAT, Super-PAT, and other recoilless
programs.,

15.3 DEVELOPMENT OF 8-in. CANNON
(EIK)

In 1954-55, the Office, Chief of Ordnance
directed Frankford Arsenal to study the
feasibility of producing an 8-in. recoilless
cannon (EIK) to replace the medium (8-in.)
howitzer as the general support in division
artillery and as the reinforcing weapon in
Corps artillery. Analyses and experimental
test firings with a scale model weapon, as
reported in Refs. 15 and 16, showed that it
was technically feasible to obtain a weapon
system capable of air delivery for direct
support of infantry, which meets the follow-
ing requirements:

1. Maximum Range: 30,000 yd desired

20,000 yd acceptable
2. Minimum Range: 3,000 yd desired

10,000 yd acceptable
3. Traverse: 360 deg desired

120 deg acceptable
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4. )ﬁlevation: 0 to plus 65 deg
5. Carriage: Unarmored and seif-
i propelled
6. Ammunition:’ HE, chemical, opti-
mum fragmentation
(240C-1b projectile)

Based on these findings, Frankford Arsenal
was directed to continue analytical studies

and proceed with experimental investigations.

Firings were to be performed in both reduced
and full scale test guns to verify the interior
ballistic predictions, to evaluate experimental-
ly the effects of blast, and to investigate
methods of zoning. These tasks were to be
done for range requirements of 10,000 and
20,000 yd.

In addition, for the 20,000-yd range
weapon, studies were to be made of the
mechanical design of the cannon and design
concepts prepared illustrating methods of
incorporating the cannon into lightweight
towed and self-propelled weapon sysiems. A
designation of Cannon, 8-in. Howitzer, Re-
coilless, T230El was assigned to the
10,000-yd weapon and Cannon, 8-in. Howit-
zer, Recoilless, T230E2 assigned to the
20,000-yd weapon.

Experimental interior ballistic studies were
begun with a 75 mm scale model of the 8-in.
weapon, since previous studies had shown
that a small caliber test weapon could be
designed to have ballistic characteristics
similar to a large caliber prototype weapon.
The technique of *“scale model” studies
resulted in considerabie savings of both time
and money, since less effort was expended on
the experimental work performed. Empirical
data obtained during the scale model studies
were used in the design and construction of
the full scale, 8-in., 10,000-yd test Cannon,
T230E1.

A total of 25 rounds were fired in the 8-in.
T230E]1 test weapon for charge establish-
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ment, intericr ballistic design, and general
performance. Based on performance results
from the scale model and full size test
weapons, the 8-in., 20,000-yd test cannon,
ignition studies, ballistic assessment, and long
range accuracy firings were performed. These
studies indicated that the 8-in. recoilless
cannon is lighter than conventional closed
breech weapons of equivalent range and fire
power, and is more accurate than rockets of
the same capability. Its corrected round-to-
round range dispersion was abcut 0.3 percent
of range. While it was found that the
problems associated with blast were nc more
serious in the EIK than in comparable
rockets, it still was felt that the blast of an
EIK would have to be reduced.

While firings were being performed with
the EIK test cannons, preliminary weapon
system concepts were investigated by the
Pitman-Dunn Laboratories Group of Frank-
ford Arsenal. These investigations included
breech design and concepts of vehicular
components and related ground handling
equipment for the EIK weapon system. Ref.
24 describes in detail the following weapon
concepts: swing breech, jackknife breech,
reciprocating-pivoting breech, and spherical
chamber weapon. These weapon designs then
were studied for their adaptability to several
configurations of mounts and vehicle trans-
ports. These studies indicated the following
weights for the indicated weapon systems
(Ref. 24):

Total System Weight, ton

8-in. Recoilless

Weapon with 10,000-yd 20,000-yd
Towed mount 2 3
Austere self-pro-

pelied carriage 45 6.5
Armored self-pro-

pelled carriage 8 12




These weight figures along with accuracy and
fire power data indicated that in the
mid-1950’s, the 8-in. recoilless cannon repre-
sented a reascnable replacement for existing
conventional artillery and rockets.

1-5.4 DEVELOPMENT OF SELF-EJECTING
BREECH

In June 1952, the Universal Winding
Company began work on the design, develop-
ment, and fabrication of a scale model 105
mm recoilless rifle with a self-ejecting breech
mechanism. Following preliminary studies,
development proceeded along two separate
paths. The first path followed was the
continued development of Frankford Ar-
senal’s “blowback” principle breech design.
This design used escaping propellant gases to
accomplish automatic cocking of the weapon
and ejection of the spent cartridge. The
blowback breech weapon as designed by
Universal Winding used a round with a
combustible case and a shouldered steel base.
In the base were a series of blowback orifices
(vent holes) through which the propeliant
gases of the fired round were allowed to
escape. As the propeilant gases escaped
through these orifices, they impinged on the
firing mechanism hammer, forcing it back to
its cocked position so that it is ready for the
next firing. The breech of the rifle is fitted
with a split ring that springs open to permit
chambering of the round. As the firing
mechanism is cocked by the escaping
propellant gases, a cam on the hammer
engages this split ring, forcing it open. The
timing of the hammer is such that when the
split ring is opened, the pressure in the
chamber has dropped to a level where it safely
blows out the case base to the rear (Ref. 19).

The second development path investigated
the designs of both electrically and mechan-
ically fired drop-out breech designs. In the
drop-out breech, a set of latches or a breech
bar acts as a retainer for the cartridge base of
a combustible round. During the firing, the
chamber pressure forces the cartridge base
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against the breech bar or iatch detents which
held the base in place. When the chamber
pressure drops, the cartridge base drops
harmlessly through an opening in the breech
mechanism. At Universal Winding (Ref. 19), it
was felt that the blowback breech system
appeared to have more promise in recoilless
rifles of larger caliber where it would have a
weight and compactness advantage over
conventional or drop-out type breeches. In
lower caliber weapons, the blowback breech
would compare well with other breech types
in both weight and functioning, but would be
somewhat more complex in breech and firing
mechanism design.

16 RESEARCH PROGRAMS

1-6.1 INTRODUCTION

Except for a short period of time after
World War II, Frankford Arsenal was assigned
the responsibility for research and develop-
ment of recoilless rifles. As a part of its effort
to broaden the industrial and engineering base
during recoilless rifle development, Frankford
Arsenal contracted several facilities to per-
form research work in the refinement of
theoretical design concepts and the general
improvement of recoilless rifle technologies.
Notable among these facilities were A. D.
Little, Inc., Armour Research Foundation,
Firestone Tire and Rubber Company, Harvey
Aluminum, Midwest Research Institute,
United Shoe Machinery Corp., and Universal
Winding Company.

A description of all the recoilless rifle
research is beyond the scope of this
handbook, but the major research activities
performed by the previously mentioned
organizations are presented in the paragraphs
that follow. In these programs, direction and
technical specifications were given to the
contracted organization by Frankford Ar-
senal, which then assumed a supervisory role
throughout the program.

1-37

|
!
|

e ettt

L DO W

PUNSS . TN - T

e




D b e aman e o gk on Sl Lot

ANICP 7106-238

182 MIDWEST RESEARCH INSTITUTE
1-6.2.1 Gun Temperiture

Among the activities performed at Midwest
Research Institute (MRI) were various heat
transfer studies for several recoilless rifle
programs. In connection with these studies,
MRI developed a special surface thermo-
couple capable of measuring the temperature-
time variations at the internal surfaces of a
recoilless rifle during firing. First used in
1952, to measure the internal surface
temperatures of a 57 mm, T15E13 Recoilless
Rifte, the thermocouple was improved by the
development and incorporation of special
high tempemsture insulation for the probe
assembly. With these improvements, the
thermocouple was capable of use in applica-
tions involving surface temperatures up to
2000°F and was used extensively in tempera-
ture-time studies of the internal surfaces of
the Rifle, 106 mm, M40 during the baliistic
cycle (Ref. 17).

One of the more extensive studies per-
formed at MRI was conducted to determine
the permissible firing procedures for the Rifle,
10§ mm, TI70 (106 mm, M40). The
eéxperimental prograra consisted of heating
the Ti70 Rifle under various firing conditions
in order to define the limitations that should
be imposed on the T170 Rifle. In all highly
stressed weapons, these limitations arise
because the gun steel strength decreases with
incressing temperature. When fired under
adverse conditions, the rifle temperatures
approach the level at which the yield strength
decreases very rapidly and it is hazardous to
fire the weapon (Ref. 1).

Observed internal gas pressure data were
used in conjunction with the rif'. stress
analysis and tensile properties of the weapon
material, tc determine the maximum possible
rifle temperature. A thermodynamic analysis
then was made at selected points of the T170
Rifle to predict the rifle temperatures that
would result from certain rates of fire at
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chosen ambient conditions. Heat transfer to
the rifle wail from the propellant gas was
determined e¢xperimentally by monitoring
twelve thermocouples attached to the rifle.
The experimental and theoreticali works then
were compared to establish that the T170
Rifle was safe to firc at an initial burst of
twenty-one rounds at an ambient condition of
125°F without regard to rate. It also was
shown that the maximum safe rate of repeat
firing was 0.73 round per minute at the same
ambient condition. These firing procedures
were based upon a limiting rifle temperature
of 800°F.

1-8.2.2 Shest Propeilant Studies

During the development of the Frankford
Arsenal U-BAT Recoiliess Rifle, MR! was
contracted to evzluate the feasibility of
caseless rounds for the U-BAT weapon.
Previousi, considerable work had been
performed at MRI with the use of sheet
propellant charges in both fin- and spin-
stabilized projectiles. These studies had
indicated the feasibility of wusing sheet
propellants as a means of eliminating the
cartridge case. In order that no worthwhile
technique to eliminate the cartridge case
would be overiooked, sheet, granular, stick,
and slotted tubular propellants in various
combinations were tested in order to find a
satisfactory caseless round.

Since the U-BAT rifle and ammunition
designs were still in their formative stages
during the MRI investigations, it was decided
to perform the tests with a modified 105 mm,
M27 Rifle using fin-stabilized test slugs.
Embossed sheet propellant was used in disk
and scroll forms with different combinations
of each placed at various pasitions along the
projectile boom. Experimental firings indi-
cated that a ballistic efficiency of 6.54 was
attained with the sheet oropellant as com-
pared to 6.26 for a granular propellant. Even
though the sheet propellant gave a higher
ballistic efficiency, it is not possible to say
that the sheet propellant web is the most

AN . . e




efficient. It also was found that the sheet
propellant rounds indicated no perceptible
unburned propellant ejection from the rifle,
whereas, in the granular propellant rounds,
approximately 15 percent of the propellant
charge was ejected unbumed. The various
piojectile designs and the marner in which
the propeliant was positioned around the
projectile in order to form the caseless round
are described fully in Ref. 18.

16.2.3 Gun Dynamics

Successive recoilless rifle and mount
designs were built to higher performance
standards, while at the same time, their
weight was undergoing considerable reduc-
tion. In order to ensure that the mount
strength and weapon accuracy are unaffected
by the vibrations caused by the recoil forces,
it is necessary to determine the magnitude of
these forces. As part of its studies on the
Rifle, 105 mm, T170 (M40), MRI conducted
pendulum-supported firings to determine the
weapon recoil force history.

Recoil forces were obtained from accelera-
tion histories of the pendulum supported
weapon as MRI had done previously for the
37, 57, and 75 mm rifles. The acceleration
histories are determined by means of an
accelerometer that has its output tiltered to
determine the various modes ot vibration. As
described in more detail in Ref. 18, the T170
Rifle gave satisfactory recoil force histories.

1-6.2.4 Ignition Studies

As ballistic requirements became more
rigoious for the more sophisticated recoilless
rifles, it was apparent that ignition system
performance was a vital factor in the ballistic
cycle. As part of its BAT activities, MRI was
authorized to study the ignition process and
establish suitable criteria for evaluating
recoilless rifle ignition systems. As concluded
in Ref. 18, a good ignition sys .r: is one
which:

1. Ignites the propellant in any air temper-
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ature from - 65° to + 125°F without hang-
fires or misfires.

2. Ignites the propellant in such a manner
that the burning propeilant meets all interior
ballistic requirements such as:

a. Consistent projectile muzzle velocities
b. Smoothness of pressure-time curves
¢. Uniformity of peak pressures

d. Acceptable rates of initial pressure rise
in all parts of the chamber

¢. Consistent projectile ejection time

f. Minimum breech and mazzle flash and
smoke.

3. Meets the general requirements of:
a. Minimum costs of ammunition

b. Suitability to mass production without
undue safety hazard

¢. Stability in storage over long periods of
time under the conditions as nrescribed for
the propellant

d. A minimum of cormrosive and toxic
combustion products.

1-6.2.5 Flash Characteristics

Midwest Rescarch Institute also investigat-
ed the breech flash of recoilless rifles with
the goal of accomplishing mechanical flash
suppression for the 105 mum recoilless rifle. As
described in detail in Ref. 20, the research
program consisted of firing tests in both
vented chambers and a prototype weapon:
acrodynamic tests conducted in 4 gas
dynamics facility: and a theoretical investiga-
tion of the flash mechanism. As far as the
main question of this program, it was found
that a mechanical suppressor with reasonable
dimensions could not be designed for the 105
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mm rifle. However, during the course of the
research, the following conclusions were made
about the nature of nozzle flash and nozzle
flow (Ref. 20):

1. There are several mechanisms by which
a secondary flash may be triggered. Shock
ignition may occur, or there may be a
continuous reaction from the nozzle exits. A
further possibility is that ignition may be
caused by energy transfers in the boundary
layer. Depending on conditions, some or ali of
these may be active.

2. The peak pressure in the breech is
associated with the triggering mechanism. In
general, shock ignition will occur for a lower
peak pressure, and a continuous reaction from
the nozzle exits will occur at a higher peak
pressure.

3. The flash mechanism is more complex
and more difficult to suppress for a large
nozzle (as in the 105 mm rifle) than for a
smaller one.

4. In multiple nozzle systems, there may
be a strong interaction of individaal jets
which may trigger the flash.

5. For the smaller nozzles those suppressor
configurations that most effectively destroyed
the shock structure of the tlow did produce
the most effective tlash suppression.

6. For conical nozzles, the presence of
normal shocks depends mainly on  the
divergence angle. Larger divergence angle
increases the possibility of a normal shock.

7. For the unsteady flow, divergence
angles of close to 35 deg can be used without
flow separation for expansion ratios of up to
about 77:1.
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1-8.3 ARMOUR RESEARCH FOUNDA-
TION

1-6.3.1 Interior Bailistic Theory

As part of the development of the
Battalion Antitank Weapon, Armour Research
Foundation was assigned the task to develop,
in cooperation with the Frigidaire Division of
the General Motors Corporation, a 105 mm
front orifice recoilless rifle. In connection
with this task, Armour Research Foundation
developed the interior ballistic theory for the
rifle.

The ballistic cycle of a front orifice is
composed of three stages:

1. A conventional closed breech phase
during which the projectile initially seals the
nozzle entrance ports

2. A transition stage from closed breech to
recoilless phase (partial recoil compensation)

3. A recoilless phase in v .ich the nozzle
entrance ports are uncovered completely.

As shown in Ref. 28, accurate solution of
the three-stage ballistic system would require
the application of numerical methods of
calculation. For ease of computation and
analysis. personnel at Armour Research
Foundation devised a method of putting the
ballistic equations in closed form. This was
accomplished by reducing the 3-stage system
to a 2stage system consisting of (1) a closed
breech phase lasting until the projectile
uncovers a portion of the total port area equal
to one-half the throat area, and then (2) a
recoilless phase thereafter with the discharge
of propellant gases controlled by the nozzle
throat (equivalent to assuming an instanta-
neous transition from closed breech to
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recoilless operation). The interior ballistic
equations developed for a 2-stage system also
have application to a recoilless rifle with a
nozzle start device, such as a blow-out disk
(Ref. 4).

During the analysis of the 2-stage system of
interior ballistic equations and their applica-
tion to the 105 mm TI135 Rifle, several
observations and discoveries were made (Ref.
43

1. Since the propellant gases initially are
confined in the chamber until the nozzle
ports are uncovered, the chamber temperature
at the beginning of the second stage is
appro...mately equal to the isochoric flame
temperature of the propellant.

2. The gas temperature then decreases to
0.60.7 of the isochoric flame temperature at
“all burnt™ depending upon “all burat”
velocity.

3. Through numerical integration of the
energy balance and mass balance equations, it
was found that the propellant gas temperature
may be represented fairly accurately by
assuming the average of the square root of the
temperature to be linear with projectile
velocity.

By use of these findings to simplity the
interior ballistic equations and then compar-
ing the solutions to the solutions obtained by
assu. ing a constant value of propellant gas
temerature, it was found both calculations
were in good agreement with the solutions
obtained from numerical methods. On the
bas:s of these results, the simpler form of the
interior ballistic equations. based on constant
gas temperature, was used to predict, quite
accurately, the performance of front orifice
recoilless rifles.

1-6.3.2 Propellants

In connection with the development of the
interior ballistic equations for recoilless rifles,
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Armour Research Foundation examined the
application of the interior ballistic theory to
recoilless rifles firing inhibited propellants,
composite charges, and liquid propellants. In
order to indicate the feasibility of inhibiting
propellant grains to provide a progressive type
of burning, a series of firing and closed bomb
tests were performed with M10 and Ml
Propellants. These studies (Ref. 25) showed
the effects on burning characteristics caused
by different conditions of inhibiting and the
use of different types of solvents used to
carry the inhibitor into the grain.

Interior ballistic equations were developed
for recoilless rifles firing a composite charge;
ie., a charge consisting of a mixture of
propellant grains of the same composition,
but different web sizes and geometric shapes.
The use of an exact form function for the
composite charge complicates the solutio